components (NC, 22 components; Table 3 ). Thus, TDP, besides NC and SC, are generated when roasted sesame seed oil is heated.
In this study, we investigated the relationship between the amounts of TDP, SC and NC in roasted sesame seed oils, and the aromatic quality of these oils. We also analyzed the composition of NC, SC and TDP every month for a year, in three commercially available brands of roasted sesame seed oils. Table 4 ). All the sesame seeds used were produced in Nigeria, except for those used in sample C (which was produced in Tanzania). The samples were kept frozen in a glass vessel, and sealed until the sensory evaluation and HSS-GC-MS analysis, both of which were performed on the same day.
The commercially available brands of roasted sesame seed oil were purchased from supermarkets in Yokohama city area every month, from December 1999 to November 2000. All of these products were made by three companies in Japan, and were targeted for family use (products X, Y and Z). A standard sample for sensory evaluation was chosen from our stocks of roasted sesame seed oil, for use as reference.
Head Space Sampler Gas Chromatography-mass Spectrometry Analysis
A 4g sample of sample oil was placed in the 20 ml head space bottle, covered completely using a seal used for high-temperature sealing, and subsequently analyzed. Specifications and conditions for the head space: Equipment used; 7694-headspace sampler from Hewlett-Packard Co LTD, USA. The bottle was heated for 20 minutes at 80 ; loop temperature 180 ; transfer line temperature 200 . Specifications and conditions for the gas chromatography: Equipment used; 6890 plus GC System Hewlett-Packard Co LTD, USA. Column used HP-WAX (inner diameter 0.25 mm, film thickness 0.5 mm 60 m). The column temperature was raised from 35 to 240 at the rate of 5 per minute, and the highest temperature was maintained for 10 minutes. The injection temperature was 200 , and the injection method used was the pulse split method (15:1). The helium gas flow was 1.1ml per second. Specifications and conditions for the mass spectrometry: Equipment used; 5973 Mass selective Detector Hewlett-Packard Co LTD, USA. Interface temperature 240 ; ion source temperature 200 ; range width m/z29 -350. The condition of the tuning limit: 69 abandonce is 1000000 ; peak width target 0.65; maximum repeller 40; emission electric current 50eV; maximum ion focus 120. Measurement by HSS-GC-MS was performed three times for each sample, and the average values were calculated. Measurement of each commercial product was performed about one month after the day of manufacture, and the analysis was conducted every month for one year.
3 Sensory Evaluation of Roasted Sesame
Seed Oil A 30g sample of the oil was placed in a 100 ml beaker, and the aroma was sniffed by the panelists at room temperature. The sensory evaluation was performed by a panel composed of volunteers recruited for the purpose. The threshold value test was performed in advance, and five panelists with a highly sensitive sense of olfaction were selected. Then, the sample of the standard of sesame oil identified by its score of five points was compared with each sample oil. Smells more pleasant than that of the standard sesame oil with its score of five points was classified into four grades of higher rank, and smells less pleasant than that of the standard sesame oil were classified into four grades of lower rank. Each sample oil was then classified into one of the nine grades. 
Results and Discussion

H. Kouzui, K. Kubota and S. Nakajima
by HSS-GC-MS are shown in Fig. 1 . Sixty volatile components were identified from this measurement. They were classified into TDP (29 components), SC (12 components) and NC (22 components). All of the identified volatile components are shown in Tables 1, 2 and 3.
2 Relationship between Volatile Component Composition and the Aromatic Quality of the Oils
We conducted sensory evaluation for four types of roasted sesame seed oil (samples A-D) manufactured under different conditions (Table 4) . Furthermore, after analysis of the volatile component composition, its relationship with the aromatic quality of the oils was investigated. It was found that while the aromatic quality of the oils was negatively correlated with the amount of TDP as determined by HSS-GC-MS (R 2 =0.9351) (Fig.  2) , it was positively correlated with the amount of SC (R 2 =0.9965) (Fig. 3) . The amount of NC was not found to be correlated at all with the aromatic quality of the oils (Fig. 4) . These results indicate that the analysis of roasted sesame seed oils by HSS-GC-MS is highly helpful in may be of great usefulness for the quality control of these oils. It would be worthwhile in the future to study the various factors that might affect the composition of the volatile components in roasted sesame seed oils, such as the roasting method, the country of origin, and the quality of the sesame seeds.
Analysis of Commercial Brands of
Roasted Sesame Seed Oil From December 1999 to November 2000, the measurement of the volatile components of three different products was conducted every month. The ratios of the amounts of TDP, SC and NC to that of the total quantity of the identified volatile components are shown in Fig.  5, 6 and 7. The average and standard deviation of each measured value is shown in Table 5 . The ratio of TDP to the total quantity of the volatile components in product Y was found to be higher each month, as compared with that in products X and Z. On the other hand, the ratio of the amount of NC to the total quantity of the volatile components in product Y was lower than that in products X and Z. However, no significant difference was found in the ratio of SC to the total quantity of the 
Volatile Components of Sesame Seed Oils
volatile components among the three products.
Thus, a relationship was noted between the results of HSS-GC-MS analysis and the aromatic quality of the roasted sesame seed oils. Asai et al. (12) and Ryu et al. (13) reported that the aromatic quality of roasted sesame seed oil is strongly influenced by the presence of pyrazine and furan. This is not in agreement with our results. Shimoda et al. (4) and Nakada et al. (14) suggested that not only the presence of these compounds, but also that of thiazole influences the aromatic quality of roasted sesame seed oils. The latter reports are in agreement with our finding that the presence of SC affects the aroma of roasted sesame seed oils. We also found that besides the ratio of SC, the ratio of TDP also influences the aroma of roasted sesame seed oils. Only, we have classified the volatile components that affect the aroma of roasted sesame seed oils as SC and TDP.
The results of our present study indicate that it may be useful, as part of the quality control of roasted sesame seed oils, to determine the volatile component composition using the HSS-GC-MS analysis equipment. In the manufacturing process of roasted sesame seed oil, we believe that adoption of a process in which triacylglycerol deterioration does not occur may yield 
improved aroma of the roasted sesame seed oil. However, progressive increase in the ratio of SC or decrease in the ratio of TDP cannot be expected to continue to improve the sensory quality of roasted sesame seed oil. tion of these volatile components. It is necessary to determine the volatile components that strongly influence, and the threshold values of these components, that affect the aromatic quality in each group. Finally, the results of our study indicate that evaluation of the quality of roasted sesame seed oils can be carried out by analysis of the composition of the volatile components in these oils in relation to their aromatic quality. 
